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AbstractAn efficient and straightforward approach for the three-component synthesis of 1,3-diazabicyclo[3.1.0]hex-3-enes from available
aldehydes, premade Ketoaziridine and ammonium acetate under microwave irradiation and solvent free conditions is reported. The
synthesized compounds showed good photochromic behaviour in crystalline and solution state.
© 2013 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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Aziridines are valuable and multipurpose synthetic
intermediates for the synthesis of a variety of nitrogen-
containing functional compounds [1–3]. Aziridine ring is
found in many natural products and exhibited significant
activities such as antitumor, antibacterial, antifungal,
and antibiotic [4]. Bicyclic aziridines primary due to
the strained three-membered part, which experiences
cleavage result of external factors have to be taken
into consideration [5–36]. According to photochromism
definition, i.e., reversible colour change upon irradi-
ation with UV light and having different absorption∗ Corresponding author. Fax: +98 2325235431.
E-mail address: hkiyani@du.ac.ir (H. Kiyani).
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http://dx.doi.org/10.1016/j.jtusci.2013.05.001spectra [5–36], bicyclic aziridines exhibit this property.
Bicyclic aziridines have been demonstrated to be very
fascinating family of organic photochromic compounds
having exclusive photochromic properties which cre-
ate bistable molecules and undergo photochromism in
the crystalline phase [9–36]. Some of the photochromic
materials that show signs of photochromism in solid
state include bicyclic aziridines [36], dithienylethenes
[37], biindenylidenedione [38], hexaarylbiimidazoles
[39], N-salicylideneanilines [40,41], spiropyrans [42],
spirooxazines [43], dihydroindolizines [44], fulgides
[45], and 2-(2′-4′-dinitrobenzyl)pyridine (DNBP) [46].
Investigation of convenient methods for the prepara-
tion of bicyclic aziridine derivatives has thus fascinated
significant consideration and few methods to prepare
these compounds and their photochromic properties
are known [9–36]. Also some of bicyclic aziridines
applied for the detection of SnII and SrII in real sam-
ples [47–50]. Although several report to preparation of
this compounds so far, to the best of our knowledge,
no reports that including synthesis of bicyclic aziridines
from ketoaziridine under microwave irradiation have
been reported. In continuation of our studies on the syn-
thesis of 1,3-diazabicyclo[3.1.0]hex-3-enes [12–21], and
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ith regard to the applications of these attractive com-
ounds, an effective, simple, and straightforward process
o the preparation of 1,3-diazabicyclo[3.1.0]hex-3-enes
 (a–o) under microwave conditions is presented in this
eport.
.  Experimental
Melting points were measured on a Buchi 510 melt-
ng point apparatus and are uncorrected. 1H NMR and
3C NMR spectra were recorded at ambient tempera-
ure on a Bruker AVANCE DRX-500 MHz and 400 MHz
sing CDCl3 or DMSO-d6 as solvent. FT-IR spectra
ere recorded on a PerkinElmer RXI spectrometer.
V spectra were recorded using Analytik Jena UV/Vis
pectrometer (Specord 205) or Perkin-Elmer Lambda
pectrophotometer. The photoinduced (open) form B
as formed upon UV irradiation (Hg lamp DRSh-260+
V-transmitting glass filters). Chemicals were obtained
rom Merck and Fluka. The modified microwave oven
51] was used. The development of reactions was mon-
tored by thin layer chromatography (TLC) on silica
el 60 GF254 aluminium sheets, using ethyl acetate:
etroleum ether (1: 3) as mobile phase. The spots were
xposed by UV light and iodine vapour.
.1.  General  procedure  for  preparation  of
,3-diazabicyclo[3.1.0]hex-3-enes,  4  (a–o)
The mixture of ketoaziridine (1 mmol), aldehyde or
etone (1 mmol) and ammonium acetate (10 mmol) was
eated under microwave irradiation for given time. The
rogress of the reaction was monitored by TLC. After
ompletion of the reaction, after cooling to room temper-
ture, the cold reaction mixture was treated with ethanol;
olid products was filtered, dried and recrystallized from
thanol or purified by column chromatography to afford
he title compounds. All title compounds except 4  (l–m),
ere known and are identified by comparison of their
hysical and spectroscopic data with those of authentic
amples. Spectral data for some of the compounds as
ollows:
2,2-Dimethyl-6-(4-nitrophenyl)-4-phenyl-1,3-
iazabicyclo[3.1.0]hex-3-ene (4a)
As a colourless solid (closed form), which after irra-
iation with UV light converted to blue (open-form);
V–vis (EtOH) λmax/nm: 286 before irradiation and
185, 405 after irradiation; H NMR (CDCl3, 500 MHz)
: 1.62 (s, 3H), 1.63 (s, 3H), 2.63 (s, 1H), 3.63 (s, 1H),
.46–7.53 (m, 5H), 7.88 (t, J  = 1.1, 7.1 Hz, 2H), 8.23
d, J = 8.6 Hz, 2H). IR (KBr) ν: 3050, 2980, 2920, 1600,rsity for Science 7 (2013) 72–78 73
1570, 1510, 1440, 1340, 1220, 1100, 910, 860, 820, 760,
740, 690 cm−1.
6-(4-Nitrophenyl)-4-phenyl-2,2-dipropyl-1,3-
diazabicyclo[3.1.0]hex-3-ene (4c)
As a colourless solid (closed form), which after irra-
diation with UV light converted to blue (open-form);
UV–vis (EtOH) λmax/nm: 282 before irradiation and
282, 416 after irradiation; 1H NMR (CDCl3, 500 MHz)
δ: 0.93–1.00 (tt, J  = 7.0, 7.3 Hz, 6H), 1.30–1.36 (m, 1H),
1.51–1.60 (m, 2H), 1.65–1.67 (m, 2H), 1.89–1.93 (m,
3H), 2.65 (s, 1H), 3.54 (s, 1H), 7.46–7.54 (m, 5H), 7.89
(d, J  = 7.5 Hz, 2H), 8.22 (d, J  = 8.5 Hz, 2H). IR (KBr) ν:
3100, 3080, 2950, 2920, 2880, 1600, 1570, 1510, 1440,
1340, 1240, 1140, 960, 860, 830, 760,740, 690 cm−1.
2-Isobutyl-2-methyl-6-(4-nitrophenyl)-4-phenyl-
1,3-diazabicyclo[3.1.0]hex-3-ene (4d)
As a colourless solid (closed form), which after irra-
diation with UV light converted to blue (open-form);
UV–vis (EtOH) λmax/nm: 281 before irradiation and
282, 402 after irradiation; 1H NMR (CDCl3, 500 MHz)
δ: 1.02 (d, J = 6.6 Hz, 3H), 1.07 (d, J = 6.6 Hz, 3H), 1.57
(s, 3H), 1.78–1.87 (m, 2H), 1.94–1.98 (m, 1H), 2.64 (s,
1H), 3.52 (s, 1H), 7.44–7.53 (m, 5H), 7.87 (d, J  = 7.4 Hz,
2H), 8.20 (d, J = 8.6 Hz, 2H); IR (KBr) ν: 3050, 2950,
2900, 2850, 1600, 1570, 1510, 1440, 1340, 1100, 940,
860, 760, 740, 695 cm−1.
2-(4-Methoxyphenyl)-6-(4-nitrophenyl)-4-phenyl-
1,3-diazabicyclo[3.1.0]hex-3-ene (4f)
As a colourless solid (closed form), which after irra-
diation with UV light converted to violet (open-form);
UV–vis (EtOH) λmax/nm: 280 before irradiation and
283, 409 after irradiation; 1H NMR (CDCl3, 500 MHz)
δ: 2.55 (s, 1H), 3.79 (s, 1H), 3.82 (s, 3H), 6.78 (s,
1H), 6.89 (d, J  = 8.4 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H),
7.45 (d, J  = 8.4 Hz, 2H), 7.53 (t, J = 7.5 Hz, 2H), 7.58
(t, J = 7.3 Hz, 1H), 8.02 (d, J  = 7.6 Hz, 2H), 8.19 (d,
J = 8.4 Hz, 2H); IR (KBr) ν: 3050, 3000, 2950, 2850,
1600, 1570, 1520, 1510, 1440, 1340, 1250, 1170, 1030,
860, 790, 765, 740, 690 cm−1.
6-(4-Nitrophenyl)-4-phenyl-2-(2,4,6-
trimethylphenyl)-1,3-diazabicyclo[3.1.0]hex-3-ene
(4g)
As a colourless solid (closed form), which after irra-
diation with UV light converted to blue: (open-form);
UV–vis (EtOH) λmax/nm: 280 before irradiation and
281, 405 after irradiation; 1H NMR (CDCl3, 500 MHz)
δ: 2.26 (s, 3H), 2.50 (s, 6H), 2.59 (s, 1H), 3.65 (s,
1H), 6.80 (s, 1H), 6.85 (s, 2H), 7.39 (d, J  = 8.7 Hz, 2H),
7.52–7.58 (m, 3H), 8.02 (d, J = 7.1 Hz, 2H), 8.14 (d,
J = 8.6 Hz, 2H); IR (KBr) ν: 3050, 2950, 2900, 2850,
1600, 1570, 1510, 1440, 1340, 1040, 1020, 960, 850,
760, 740, 690 cm−1.
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2-[(6-(4-nitrophenyl)-4-phenyl-1,3-
diazabicyclo[3.1.0]hex-3-en-2-yl)]phenol (4h)
As a colourless solid, which after irradiation with
UV light converted to pale pinkish: UV–vis (EtOH)
λmax/nm: 208, 245, 262 (shoulder) before irradiation
and 208, 272, 415 after irradiation; 1H NMR (500 MHz,
CDCl3) δ: 2.51 (s, 1H), 3.81 (s, 1H), 6.69 (s, 1H),
6.75 (t, J = 7.5 Hz, 1H), 6.85 (d, J  = 8.1 Hz, 1H), 7.14 (t,
J = 7.7 Hz, 1H), 7.28 (d, J  = 7.7 Hz, 1H), 7.42–7.46 (m,
4H), 7.53 (t, J  = 7.5 Hz, 1H), 7.87 (d, J = 7.4 Hz, 2H), 8.16
(d, J = 8.6 Hz, 2H), 9.40 (s,1H); IR (KBr) v: 3200–3050,
2850, 1600, 1580, 1510, 1480, 1440, 1340, 1240, 1050,
840, 740, 710, 690 cm−1.
3-[(6-(4-nitrophenyl)-4-phenyl-1,3-
diazabicyclo[3.1.0]hex-3-en-2-yl)]phenol (4i)
As a colourless solid, which after irradiation with
UV light converted to greenish blue: UV–vis (EtOH)
λmax/nm: 205, 236, 276 before irradiation and 205,
260, 410 after irradiation; 1H NMR (500 MHz, CDCl3)
δ: 2.49 (s, 1H), 3.48 (s, 1H), 6.41(s, 1H), 6.48 (dd,
J = 2.0, 8.0 Hz, 1H), 6.68 (d, J  = 7.6 Hz, 1H), 6.73 (s,
1H), 6.86 (t, J = 7.8 Hz, 1H), 7.15 (d, J  = 8.7 Hz, 1H),
7.20 (t, J = 7.7 Hz, 2H), 7.25 (t, J  = 7.3 Hz, 1H), 7.67 (d,
J = 7.2 Hz, 2H), 7.86 (d, J  = 8.7 Hz, 2H), 8.56 (s, 1H).
IR (KBr) v: 3250, 3080, 3010, 1605, 1580, 1510, 1485,
1440, 1340, 1295, 1220, 1040, 890, 860, 770, 760, 740,
690 cm−1.
2-methoxy-4-[(6-(4-nitrophenyl)-4-phenyl-1,3-
diazabicyclo[3.1.0]hex-3-en-2-yl)]phenol (4k)
As a colourless solid, which after irradiation with UV
light converted to deep blue: UV–vis (EtOH) λmax/nm:
205, 254 before irradiation and 205, 262, 415 after
irradiation.1H NMR (500 MHz, CDCl3) δ: 2.55 (s, 1H),
3.79 (s, 1H), 3.84 (s, 3H), 6.73 (s, 1H), 6.87 (d,
J = 8.2 Hz, 1H), 7.00 (d, J  = 8.0 Hz, 1H), 7.10 (s, 1H),
7.42 (d, J  = 8.7 Hz, 2H), 7.51 (d, J  = 7.3 Hz, 2H), 7.58
(t, J = 7.5 Hz, 1H), 8.02 (d, J  = 7.3 Hz, 2H), 8.18 (d,
J = 8.7 Hz, 2H); IR (KBr) v: 3250, 3080, 2920, 2850,
1595, 1570, 1508, 1440, 1420, 1340, 1270, 1240, 1160,
1050, 960, 860, 840, 770, 740, 690 cm−1.
6-(4-Nitrophenyl)-4-phenyl-2-(pyridin-2-yl)-1,3-
diazabicyclo[3.1.0]hex-3-ene (4l)
As a colourless solid (closed form), which after irra-
diation with UV light converted to green (open-form),
m.p. 138–139 ◦C; UV–vis (EtOH) λmax: 207, 258 nm
before irradiation and 215, 275, 408 after irradiation;
1H NMR (CDCl3, 500 MHz) δ: 2.89 (s, 1H), 3.69 (s,
1H), 6.70 (s, 1H), 7.17 (m, 1H), 7.36 (d, J = 8.7 Hz, 2H),
7.43 (t, J = 7.6 Hz, 3H), 7.49 (t, J  = 7.4 Hz, 1H), 7.64
(td, J = 7.7, 1.5 Hz, 1H), 7.93 (d, J = 7.5 Hz, 2H), 8.08
(d, J  = 8.6 Hz, 2H), 8.58 (dd, J  = 4.8, 0.6 Hz, 1H); IR
(KBr) ν: 3080, 3000, 2900, 1600, 1585, 1518, 1450,rsity for Science 7 (2013) 72–78
1438, 1340, 1320, 1050, 1040, 985, 800, 770, 750,
690 cm−1.
6-(4-Nitrophenyl)-4-phenyl-2-(thiophen-3-yl)-1,3-
diazabicyclo[3.1.0]hex-3-ene (4m)
As a pale beige solid (closed form), which after
irradiation with UV light converted to deep purple (open-
form); UV–vis (EtOH) λmax/nm: 245, 285 (shoulder)
before irradiation, and 259, 415 after irradiation; 1H
NMR (CDCl3, 400 MHz) δ: 2.54 (s, 1H), 3.78 (s, 1H),
6.74 (s, 1H), 7.23–7.24 (m, 1H), 7.33–7.35 (m, 2H),
7.44 (d, J = 8.4 Hz, 2H), 7.49–7.55 (m, 3H), 7.98 (d,
J = 6.8 Hz, 2H), 8.20 (d, J  = 8.8 Hz, 2H); 13C NMR
(CDCl3, 101 MHz) δ: 42.0, 57.6, 93.7, 122.9, 123.7,
126.4, 126.7, 127.3, 128.5, 128.9, 131.5, 131.9, 139.2,
145.4, 147.3, 170.4; IR (KBr) ν: 3060, 1600, 1510, 1445,
1340, 1015, 975, 865, 750, 700, 690 cm−1.
6-(4-nitrophenyl)-4-phenyl-2-thiophen-2-yl-1,3-
diazabicyclo[3.1.0]hex-3-ene (4n)
As a colourless solid (closed form), which after irra-
diation with UV light converted to purple (open-form);
UV–vis (EtOH) λmax/nm: 285 before irradiation, and
289, 408 after irradiation; 1H NMR (CDCl3, 400 MHz)
δ: 2.72 (s, 1H), 3.83 (s, 1H), 6.89 (s, 1H), 7.02 (t, J = 4.8,
3.7 Hz, 1H), 7.17 (d, J  = 3.2, 1H), 7.29 (d, J  = 5.2 Hz, 1H),
7.47 (d, J  = 8.6 Hz, 2H), 7.53 (t, J = 7.5 Hz, 2H), 7.58 (t,
J = 7.3 Hz, 1H), 8.01 (d, J = 7.4 Hz, 2H), 8.21 (J  = 8.6 Hz,
2H), 13C NMR (CDCl3, 125 MHz): 42.9, 58.6, 93.5,
124.2, 126.1, 126.3, 127.5, 127.9, 129.1, 129.43, 131.8,
132.6, 140.9, 145.7, 147.9, 171.5; IR (KBr) ν: 3050,
1595, 1508, 1440, 1340, 1010, 970, 880, 790, 760, 740,
700, 690 cm−1.
6-(4-nitrophenyl)-4-phenyl-2-furan-2-yl-1,3-
diazabicyclo[3.1.0]hex-3-ene (4o)
As a colourless solid (closed form), which after irra-
diation with UV light converted to blue (open-form);
UV–vis (EtOH) λmax/nm: 290 before irradiation, and
295, 405 after irradiation; 1H NMR (CDCl3, 400 MHz)
δ: 2.95 (s, 1H), 3.80 (s, 1H), 6.39 (dd, J  = 1.6, 3.0 Hz, 1H),
6.66 (s, 1H), 7.45–7.59 (m, 6H), 7.97 (d, J = 7.3 Hz, 2H),
8.20 (d, J  = 8.6 Hz, 2H); IR (KBr) ν: 3100, 3050, 2890,
1600, 1575, 1510, 1345, 1280, 1100, 740, 690 cm−1.
3.  Results  and  discussion
Bicyclic aziridines 4 (a–o) was synthesized from
premade ketoaziridine compound 1 [12,52], and com-
mercially aldehhydes or ketones 2, in presence of
ammonium acetate 3  (Scheme 1).At first the reaction of ketoaziridine 1, acetone and
ammonium acetate under microwave irradiation was per-
formed. 4a  was given in excellent yield and shorten
time. Explore of 1H NMR spectrum and physical data
H. Kiyani et al. / Journal of Taibah Unive
Entry
Product
(Yield %)
R
1
R
2 Time
(min)
M.p (˚C)
Found Report ed (Lit.)
1 4a (94) Me Me 1.5 183-184 182 -183
25
2 4b (93) Et Me 4 145-146 146-147
25
3 4c (93) pr pr 5 137-138 136 -137
12
4 4d (92) Me
i
Bu 5 148-149 147 -148
12
5 4e (96) Ph H 2.5 176-177 175 -176
25
6 4f (92) 4-Me OC6H4 H 5 162-163 162 -163
19
7 4g (75) 2,4,6 -Me3C6H2 H 10 163-164 162 -163
19
8 4h (88) 2-OH C6H4 H 7 166-167 167-168
15
9 4i (90) 3-OHC6H4 H 6 172-173 171 -172
15
10 4j (91) 4-OHC6H4 H 5 181-183 180 -181
15
11 4k (85) 4-OH,3 -MeOC6H3 H 7 188-189 189 -190
15
12 4l (90) 2-pyri dyl H 7 138-139 -
13 4m (94) 3-th ienyl H 4 175-176
-
14 4n (95) 2-th ienyl H 3 176-177 177 -178
12
15
S
i
o
a
p
H
a
p
7
m
a
o
a
o
o
p
i
c
a
t
(
c
u
e
k
c
l
o
w
c
w4o (88) furan-2-yl H 5 168-170 169 -170
13
cheme 1. Preparation of 1,3-diazabicyclo[3.1.0]hex-3-enes, 4 (a–o).
ndicates formation of product. The 1H NMR spectrum
f this compound exhibite the two singlets signal at δ  1.62
nd 1.63 ppm belonging to two methyl groups in C-2
osition. The resonances of the two protons belong to
-5 and H-6 of the aziridine ring appeared at δ  3.63
nd 2.63 ppm, respectively. The signals of the aromtic
rotons were displayed in the 8.23 ppm (as a doublet),
.88 ppm (as a triplet), and region δ 7.46–7.53 ppm (as
ultiplets). The IR spectrum was devoid of the C O
nd NH absorption bands at υ = 1660 and 3330 cm−1
f the precursor (compound 1). The presence of the
bsorption band at υ  = 1600 cm−1 confirmed formation
f C N bond. This result encouraged us to perform the
ther reactions with the aim to obtain the photochromic
roducts. Reaction in microwave conditions resulted
n higher yields and shorter reaction times than other
onditions such as using solvent [9–36], also aromatic
ldehydes relative to ketones are suitable for the reac-
ion. Mostly utilized aldehydes or ketones are liquid
Scheme 1, entries 1–8 and 12–15), and in the other
ases (Scheme 1, entries 9–12) 3–5 drops ethanol were
sed. It seems that, electronic and steric factors are influ-
nce reaction. When salicylaldehyde were reacted with
etoaziridine compound 1  and ammonium acetate 3,
orresponding product 4h  was produced in relatively
ower yield, which may be due to the steric hindrance
f the hydroxyl group. Also, such result was obtained,
hen 2,4,6-trimethylbenzaldehyde was used, that indi-ates steric factor.
All products 4  (a–o) were obtained as crystals after
ork-up and were confirmed by their physical andrsity for Science 7 (2013) 72–78 75
spectral data. For instance, the structures of compounds
4 were deduced from their IR, 1H and 13C NMR spectra
data. The NMR spectra of synthesized compounds
in CDCl3 are showed signals at ambient temperature
as expected. For instance, the 1H NMR spectrum of
4m showed three singlet signals for the H-2, H-5 and
H-6 protons at δ  6.74, 3.78 and 2.54 ppm, respectively.
The ortho- and meta-protons of p-nitrophenyl group
appeared as two doublets at δ 8.20 and 7.44 ppm, respec-
tively. The resonances of the two protons belong to
ortho-protons of the phenyl ring appeared at δ 7.98 ppm
as a doublet. Also, the 1H NMR spectrum of 4 m
showed multiplet for the thiophen ring (δ  7.23–7.24 and
δ 7.33–7.35 ppm). All the other aromatic protons were
observed as multiplets in the region δ  7.49–7.55 ppm,
integrating for three protons. The corresponding signals
in the other compounds were appeared in the same
region of the 1H NMR spectra. The 13C NMR spectrum
of 4m  revealed 16 distinct resonances in agreement with
the suggested structure. Signal appears at δ  93.7 ppm
indicating the presence of carbon at C-2 position. Signals
appeared at δ  57.6 and 42.0 ppm indicated the presence
of aziridine ring carbons at 5- and 6-positions, respec-
tively. The C N resonance was visible at 170.4 ppm.
The resonances of the other carbons were visible at
δ 122.9–147.3 ppm. The NMR spectra of the other
compounds 4  (a–o) are similar to those of 4m  except for
the alkyl or aryl groups in C-2 position, which show, in
each case, characteristic signal in appropriate regions of
the spectra. It can be mentioned that formation of endo-
and exo-isomers with orientation of substituent in C-2
position is possible. The 1H NMR spectrum of purified
compounds 4  are indicated that signals belong to only
one stereoisomer. With consideration of chemical shifts
for the H-2, H-5 and H-6 protons, and comparison
with those obtained by reported in literature [9–36],
endo-isomer is major compound.
The photochromic behaviour of 1,3-
diazabicyclo[3.1.0]hex-3-enes is based on a reversible
ring opening of aziridine moiety at the C C bond
stimulated by UV light, which transform a colourless
form (closed-ring) to the coloured form (open-ring)
(Scheme 2) [9–36].
According to UV/vis spectra, all target compounds
4 (a–o) showed good photochromic reaction. To search
the photochromic behaviour of target compounds, the
solution of material synthesized was exposed to 365 nm
UV light for a given time at ambient temperature. For
example, a solution of 4m  in EtOH is weakly coloured
(4m-A-form). Upon irradiation at 365 nm to this solu-
tion, the closed form of 4m-A-form was changed to the
open form of 4m-B-form; go along with by noticeable
76 H. Kiyani et al. / Journal of Taibah University for Science 7 (2013) 72–78
ange ofScheme 2. Proposed photochromic colour ch
changes in the absorption spectra as shown in Fig. 1. As
shown in Fig. 1, when 4m  was irradiated with UV light
at 365 nm the colourless solution of 4m  turned gradu-
ally coloured and the new absorption bands appeared
at 259 and 415 nm, which indicated that the zwitteri-
onic species 4m-B  (open-ring form) was produced and
exhibited photochromic behaviour. As expected, contin-
uous irradiation time resulted in intensity the absorption
band in the visible region is increased and in the ultra-
violet is decreased. The same results were obtained
for the other compounds. Colour change in solid and
solution state was observed by eye-naked, when com-
pounds exposed to light (UV light from mercury, xenon
lamp, ordinary room light or sunlight). Similar results
were also achieved when the other synthesized com-
pounds were irradiated with UV light. It is noteworthy
to mention that nitro group at para-position on phenyl
ring in aziridine moiety is much more photochromic
behaviour than chlorine group at para-  or nitro at
meta-position. This property attributed to -conjugation
for zwitterionic species, which possess nitro group at
para-position.
Fig. 1. Photochromic reaction (top) and UV/Vis spectral changes (bot-
tom) of 4 m in EtOH (2.0 × 10−4 M) irradiation with 365 nm light, time
irradiation from bottom to up: 0, 6, 12, 18, 30, 42, 54 s. 1,3-diazabicyclo[3.1.0]hex-3-enes, 4 (a–o).
4.  Conclusion
In summary, an efficient, facial and straightforward
protocol for the three-component synthesis of 1,3-
diazabicyclo[3.1.0]hex-3-enes in high yield have been
established. The described method has advantages on
short reaction time, simple work-up and ready achieve
to derivatives of bicyclic aziridines. These compounds
exhibit good photochromic behaviour in crystalline and
solution state.
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